This article presents the results of a transboundary water quality monitoring program at the two Nogales area in the Arizona-Sonora border region. The program was carried out jointly in 1990 by U.S. and Mexican institutions. The results show pollution problems due to deficiencies in Nogales, Sonora municipal sewerage system, causing not only sewage spills in several parts of the city but also creating occasional transboundary problems. The results also showed potential illegal dumping of industrial hazardous waste (VOCs) into Nogales' municipal sewerage system. All of the organic compounds found in the sewage samples are solvents frequently used by the border industry. Occasional brakes of pipes spill the pollutants into the Nogales Wash, a water stream that runs parallel to Nogales' main sewerage line. Samples of the municipal water system showed no traces of pollutants. However, two rounds of samples detected concentrations of VOCs in wells used to supply water by trucks to low income neighborhoods in Nogales, Sonora. Ironically, the pollution detected in these wells has a greater impact in low income groups of the city that pay three to four times more per liter of water they consume, than the rest of the inhabitants with clean water from the municipal system. -Environ Health Perspect 103(Suppl 1): 93-97 (1995) 
Introduction
After the approval of the North America Free Trade Agreement (NAFTA), it is still pertinent to speak of health and environmental hazards at the U.S.-Mexico border. Environmental problems in this region are due to a combination of factors: They are the result of decades of unbalanced growth created by rapid economic and population growth and gaps in the supply of public services, combined with a low priority given to the protection of the environment by the federal government, and the lack of economic, technical, and human resources to enforce the protection of the environment.
Although there is no comprehensive diagnosis available on the state of the environment in the border region, recent academic studies and official reports provide an idea of the extent of the environmental crisis in Mexico and in the border region (1, 2) . Evidence of this crisis is also the growing number of environmental emergencies of antrophogenic origin in Mexico during the last years. Water pollution, particularly by hazardous substances, is an emerging problem in Mexico with important implications for public health. In fact, the management of hazardous substances and (4) . These obstacles hinder an effective protection of the environment and the public health, and the control and prevention of environmental contingencies. The control of hazardous waste has a special importance at the U.S.-Mexico border region. Rapid industrial growth through the maquiladoras during the last 10 years, together with the lack of resources for environmental protection, has expanded the pollution created by the mismanagement of hazardous waste throughout the region. Evidence of this mismanagement is the discovery of illegal dump sites of hazardous waste within and outside the urban areas; water samples showing high concentrations of volatile organochlorate compounds (VOCs), heavy metals, and other pollutants frequently used by the border industry; and the lack of records on the final fate of hazardous wastes generated by a significant number of border plants during the last two decades. Although Mexico's official data show a significant increase in compliance with the Mexican environmental legislation by the maquiladoras in the last 2 years, a more comprehensive control at the local, state, and federal levels is still required.
These problems gained significant attention of the mass media in the United States and in Mexico since the environment became a key issue in the discussion of the NAFTA.
Illegal dumping of hazardous wastes into bodies of water and municipal sewerage systems is one of the main environmental concerns associated with the operation of the border industry at the U.S. Prescott College and the Border Ecology Project (BEP) carried out the first water quality monitoring program covering VOCs in Nogales, Sonora, in 1988. This study also detected the presence of VOCs in some wells, including La Tomatera, later detected as one of the critical points in a subsequent analysis carried out by our project. The BEP and Prescott College study detected concentrations above the U.S. EPA federal standard in chloromethane, trichloroethilene, and tetrachloroethilene (Border Ecology Project, unpublished data). However, because of the limited number of sampling sites in this study, it was difficult to obtain a more clear picture on possible sources responsible for this pollution and its plume. Water samples in the Nogales Wash also showed high levels of coliform (the levels fluctuated between 17 and 2400 coliform bacteria per 100 ml.)
Other evidence of water quality problems in Nogales, Sonora, was documented by Sandy Tolan for the New York times in 1990 (8) . Samples of sewage discharge outside Nogales, Sonora, taken by Tolan and analyzed in Arizona, showed the presence of VOCs, some of which were in high concentrations (toluene, xylene, methylene chloride, ethylbenzene, and 1,1-dichloroethene).
El Colegio de la Frontera Norte carried out a study on water management in Nogales, Sonora, in 1990 (9) . At the same time, the Udall Center of the University of Arizona carried out a parallel project on Nogales, Arizona. Given the evidence of water pollution mentioned above, both institutions, together with Arizona Department of Environmental Quality (ADEQ), the Instituto Tecnol6gico de Sonora, and the Sonora delegation of Mexico's Comision Nacional del Agua, decided to carry out the first binational quality program in this area.
Monitoring sites were selected according to the following criteria: a) sites that could cover all the water bodies in the two cities (sources of water distributed by pipes or trucks, the sewerage system, the Santa Cruz aquifer, and surface water); b) priority was given to those sites considered critical for human health (different sources of drinking water), particularly those wells used for water supply; and c) priority was also given to those sites helpful in identifying the possible movement of pollutants within each city and between cities. Samples were taken and analyzed simultaneously on the two sides of the border. Figure 1 shows the selected sampling sites in Nogales, Sonora. Samples analyzed in Arizona by ADHS were bacteriologics, major cations/anions, metals, and VOCs. Samples analyzed in Sonora (Ciudad Obregon) by ITSON were major cations/anions and metals.
Duplicated samples, equipment blanks, and atmospheric blanks were also submitted to ADHS to evaluate laboratory accuracy and to minimize inadvertent sample contamination. For the bacteriologics, major cations, anions, and metals, the duplicate samples compared favorably with each other. For the VOCs, however, one sample was substantially different from the duplicate, while two samples were comparable. The dissimilar duplicates were collected separately from a sewerage line at two different times and the difference between them could be explained by temporal variability of water quality in the sewerage line. An equipment sample blank indicated no contamination, whereas an atmospheric sample blank indicated low concentrations of several volatile organic compounds.
Bacteriological Analysis
As expected, all samples collected from the sewerage system were heavily contaminated with bacteria (total coliform counts > 160,000,000 Figure 2 shows the results of this GIS estimating the number of inhabitants potentially exposed to these pollutants (9 (Figure 3 ). Compounds identified in the samples taken outside the industrial city were solvents used frequently by the border industry. The concentrations of VOCs in the Nogales Wash and in the sewerage lines decreased in the central and northern parts of the city. Lower VOC concentrations were detected at the international border.
Concentrations of VOCs were also detected in wells in Nogales, Sonora. Three of these wells, used to supply water by truck to low income neighborhoods, showed the presence of trichloroethane (TCA), tetrachloroethylene (PCE), trichloroethylene (TCE), dichloroethylene (DCE), and dichloroethane (DCA). The concentration of some of these compounds was smaller than the Mexican standard, while others were higher (Table 1 ). In La Tomatera well, where the drinking water bottle plant is located, samples were also taken from bottled water showing the presence of TCA.
To verify the results of samples taken in June 1990, a new round of samples was taken in the same wells in October 1990 ( Table 1) . The results still detected the presence of VOCs. This led us to believe there could be a stable source of pollution affecting them. Our project could not identify the source, but we considered that sewage intrusion could be a possible source of pollution in these wells. The deficiencies detected in the sewerage lines near the wells and the detected levels of VOCs in the municipal sewage support this hypothesis. Other potential sources of pollution could be the illegal discharge of industrial wastewater by those plants near the wells, or the location of illegal landfills of hazardous wastes in the area. In any case, it is important to have a detailed follow-up of this situation by the public authorities.
An effort was made by our project to identify the potential hazard areas in the city and the potential number of inhabitants in them. Using the same GIS created for Nogales, Sonora, we input the VOC results and isolated the number of inhabitants potentially exposed to them ( Figure  4) . We included the areas with sewerage maintenance problems linked to the main collector where significant concentrations of VOC were detected in the southern part of Nogales, Sonora (11). We also included those areas with water supplied from the polluted wells.
Summary
In summary, the results of our project showed important water quality problems in Nogales, Sonora, with potential important health consequences. Sewage-related problems appear as a major source of concern for residents of Nogales, Sonora. The high number of sewage spills in diverse parts of the city represent a health hazard Main collector of the sewerage system Sewage spills * Wells: Coapaes (1) and unidad deportiva (2) . Controlling these problems must be oriented to improving urban management in order to reduce the existing gap in the supply of key public services, water and sewerage, and to improve the maintenance and operation of existing facilities. Most of these actions are likely to get support from the North America Development Bank (NADBANK), created as a result of the NAFTA parallel negotiations, and from a recent loan from the World Bank to Mexico to improve the state of the environment at the U.S.-Mexico border. Promised investments through the NAD-BANK are oriented to improving the infrastructure at the U.S.-Mexico border. However, it is not clear at this point how long these investments will take and how are they going to be distributed by sectors and geographic area.
The control of illegal industrial discharges into the municipal sewerage system should be considered a high priority for all the border communities. Mexican legislation requires the pretreatment of all industrial discharges since the late 1970s. The same requirement was also incorporated into the new federal environmental law, in the state environmental laws, and in the new federal water law. However, Mexico's major problem is environmental enforcement. Short-term structural actions to improve environmental enforcement have to be taken by Mexico. One of those actions could be to require all industrial areas, like the three in Nogales, Sonora, to collect and recycle wastewater from their plants. This would improve water management in the city, and at the same time it would reduce the number of potential illegal discharges into the municipal sewerage system. Finally, it is important to incorporate a social approach to the study of the pollution problems at the U.S.-Mexico border. Our efforts to estimate the number of people potentially exposed to pollutants and their location in the urban area are a small step in this direction. It is clear that water management is not only a technical problem, as it is considered in Mexico and other developing countries, it is mainly a social problem with tremendous implications on the well being and income of the vast majority of the inhabitants in these countries.
